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(54) Active materials for the positive electrode in alkaline storage battery and the manufacturing 
method of them 



(57) The energy density of active materials for posi- 
tive electrode comprising an oxide containing Ni as a 
main metallic element is enhanced, and, moreover, a 
method for manufacturing them is provided. Said oxide 
comprises Ni as a main metallic element and contains 
at least Mn in the state of solid solution or eutectic mix- 
ture, wherein the average valence of Mn is 3.3 valences 
or more, the tap density is 1 .7 g/cc or more, the half 
width of a peak at around 28=37-40° of X-ray diffraction 
using CuKa ray is 1.2 deg or less, the ratio B/A of inte- 
grated intensity B of a peak at around 26=18-21° to inte- 
grated intensity A of a peak at around 26=37-40° is 1 .25 
or less, and the volume of pores having a pore radius of 
40 A or less is 60% or more of the total pore volume. 
The oxide is obtained by growing in the state of keeping 
the dissolved oxygen concentration in the aqueous 
solution in the reaction vessel and then oxidizing the 
oxide. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to active materials for positive electrode in alkaline storage battery which are 
mainly composed of a metal oxide containing Ni as a main metallic element and which are high in capacity and a man- 
ufacturing method of them. 

10 

2. Description of the Related Art 

[0002] With the recent progress of semiconductor techniques, miniaturization, weight-saving and multi-f unctionation 
of electronic apparatuses have advanced and personalization of small-sized portable equipment represented by porta- 

15 ble telephone, notebook type personal computer or the like is rapidly progressed. Therefore, demand for miniaturization 
and weight-saving of alkaline storage batteries which are widely employed as electric sources of them is increased. 
[0003] Up to now, nickel oxide (NiOOH) has been used as the main active material for positive electrode in alkaline 
storage batteries while in place of sintered type electrodes using conventional sintered substrate there has been indus- 
trialized foamed metal type electrodes comprising a three-dimensional foamed nickel porous body of higher porosity 

20 (about 95%) and nickel oxide powders filled in the nickel porous body at high density (see, for example, JP-B-62-54235 
and U.S. Patent No. 4251603), whereby energy density of nickel positive electrodes has been markedly increased. 
[0004] For the increase in energy density of nickel positive electrodes, improvement of manufacturing method of nickel 
oxide powder which is an active material is also one of important techniques. Conventional manufacturing method of 
nickel oxide powder comprises reacting an aqueous alkaline solution such as sodium hydroxide with an aqueous solu- 

25 tion of a nickel salt to produce a precipitate, then aging it to grow crystal, and thereafter grinding the crystal by a 
mechanical method. However, this method is troitolesome and besides since the resulting powders are irregular shape, 
a high packing density can hardly be obtained. However, as shown in JP-B-4-80513, another method has been pro- 
posed which comprises reacting an aqueous solution of a nickel salt with ammonia to form an ammonium complex of 
nickel and growing nickel hydroxide in an aqueous alkaline solution. According to this method, continuous production 

30 becomes possible, resulting in reduction of cost and furthermore since the resulting powders are close to sphere and 
high density packing becomes possible. 

[0005] However, since high density particles of large size growing to several ten are used as the active material, 
charge and discharge efficiency deteriorates owing to the decrease of electronic conductivity of the active material per 
se. For the solution of this problem, the electronic conductivity is supplemented by adding Co or oxides thereof and Ni 
35 (JP-B-61 -37733, "Denki Kagaku", Vol.54, No.2, p.159 (1986), Tower Sources", 12, p203 (1988)), and, furthermore, 
improvement of charge and discharge efficiency is attempted by dissolving metallic elements such as Co other than Ni 
in the active material to form a solid solution. 

[0006] Moreover, as the attempt to improve charge and discharge efficiency by dissolving different metallic elements 
in crystals as mentioned above, a method of adding Cd or Co in the active material to form a solid solution (e.g., JP-B- 

40 3-26903, JP-B-3-50384, "Denki Kagaku", Vol.54, No.2, p.164 (1986), "Power Sources", 12, p203 (1988)) is employed, 
but from the environmental viewpoint, batteries free of cadmium are desired, and Zn is proposed as one example of 
metallic elements substituted for cadmium and, moreover, a solid solution of three elements such as Co, Zn and Ba is 
proposed (U.S. Patent No.5366831). The dissolution of different metals to a nickel oxide in the form of solid solution for 
the purpose of enhancement of efficiency of charge-discharge efficiency is an old technique and is known in JP-A-51- 

45 122737. 

[0007] Energy density of positive electrode has been markedly increased by the above-mentioned improvement in 
structure of substrates, shape of active material particles, composition of active material and additives thereto, and, at 
present, positive electrodes of about 600 mAh/cc in energy density are put to practical use. However, improvement of 
energy density as electric source for small-sized portable equipment is being increasingly demanded. In order to attain 

so improvement of energy density of batteries, an approach is considered on positive and negative electrodes, electrolyte, 
separator or construction of them. As for negative electrode, a volume energy density more than twice that of positive 
electrode has been obtained by the practical use of metal hydrides of high energy density in place of conventional cad- 
mium negative electrodes ("Power Sources", 12, p.393(1988)). With respect to construction of batteries, rapid increase 
of energy density has been made by the technical progresses such as reduction in thickness of separator and packing 

55 of active materials in electrode plates at high density, and, at present, the increase of energy density reaches nearly a 
limit. For the realization of further improvement of energy density, it is important as the most effective technique to fur- 
ther increase energy density of positive electrode which occupies nearly a half of volume in a battery. 
[0008] In order to improve energy density of positive electrode, there can be considered approaches to improve pack- 
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ing density of electrode such as improvement of tap density of active material, reduction of the amount of additives, and 
reduction of amount of metal in the foamed nickel substrate, but these techniques reach nearly a limit. Therefore, it is 
necessary to attempt improvement in reactivity and order of reaction by improving the active material per se. It is said 
that a nickel oxide which is an active material for positive electrode at present is a p-type Ni(OH) 2 (divalent oxide) at 

5 packing and one-electron reaction (utilization factor: 100%) with a p-type NiOOH (trivalent) proceeds at usual charge 
and discharge. However, a part of this p-NiOOH in charged state is oxidized to y-NiOOH which is an oxide of higher 
valence (3.5-3.8 valences) by overcharge. It is known that at least y-NiOOH is a non-stoichiometric material and is crys- 
tallographically disorder ("J. Power Sources", 8, p229 (1 982)). Hitherto, an attempt has been made to inhibit production 
of y-NiOOH because this is electrochemically inactive and causes various problems such as voltage drop or capacity 

w decrease and, in addition, insufficient contact with conductive agent, substrate and others due to volume expansion of 
electrode resulting from irrterlaminar extension, falling off of active material, and exhaustion of electrolyte due to inclu- 
sion of water molecule. 

[0009] However, for the further increase of energy density using an active material comprising a nickel oxide as a 
base, it is very important to properly utilize y-NiOOH which is an oxide of higher valence. For this purpose, materials 

is have been proposed which have a structure close to a type hydroxide including anion and water molecule between lay- 
ers and which are prepared by dissolving different metals such as Mn (III), Al (III), and Fe (III) in the state of solid solu- 
tion in place of a part of Ni ("Solid State Ionics", 32/33, p. 104 (1989), "J. Power Sources", 35, p.249(1991), U.S. Patent 
Nos. 5348822(1994) and 5569562(1996), JP-A-8-225328)). It is said that charge and discharge reactions easily pro- 
ceed between these oxides and the oxides of higher valence having a structure similar to that of y- NiOOH. However, it 

20 is considered that actually these oxides have wide interlaminar space resulting in very high bulkiness, and, hence, high 
density packing is difficult and they are poor in utility. 

[0010] On the other hand, the inventors have paid attention to active materials which have a p-type crystal structure 
at the time of packing in electrode and undergo charge and discharge reaction with y-NiOOH which is an oxide of higher 
valence. As one example, we have proposed modification of nickel oxides by the dissolution of a different metal in solid 

25 state for attaining high density and higher reaction. Furthermore, we have proposed that a composition mainly com- 
posed of Mn is especially hopeful as the different metal to be dissolved (e.g., JP-A-8-222215, JP-A-8-222216 and JP- 
A-9-1 15543). These disclose that mobility of proton and electronic conductivity are improved and utilization factor is 
increased by dissolving Mn in a nickel oxide in the state of solid solution. Nickel oxides in which Mn is dissolved in the 
state of solid solution are proposed in JP-A-51 -122737, JP-A-4-179056 and JP-A-41212. 

30 [0011] As mentioned above, some attempts have been proposed to modify nickel oxides by dissolving a different 
metal in solid solution, thereby to improve charge and discharge efficiency. However, in some cases, the effect cannot 
be sufficiently exhibited depending on the kind of metals to be dissolved and amount of the metals dissolved. On the 
other hand, in the case of nickel oxides in which Mn is dissolved in solid solution, the effects of improvement in charge 
and discharge efficiency and order of reaction are considerably great, and improvement in energy density can be 

35 expected. However, JP-A-4-179056 and JP-A-5-41212 mainly aim at improvement of cycle life and do not aim at 
improvement of order of reaction. 

[001 2] Moreover, JP-A-8-22221 5, JP-A-8-22221 6 and JP-A-9-1 1 5543 do not disclose proper values of valence of Mn, 
crystal structure and pore distribution which have a great influence on battery characteristics, and further improvement 
must be performed for attaining the higher energy density. In addition, in preparation of the nickel oxide in which Mn is 
40 dissolved to form a solid solution, Mn (II) is unstable and readily oxidized, and it is very difficult to grow the oxide to high 
density particles. However, none of the above proposals disclose solution of this problem, and realization of high energy 
density is difficult. Moreover, U.S. Patent No. 5637423 proposes Ni(OH) 2 containing Mn, but discloses production of 
only sintered electrode plates and does not disclose production of powdered metal oxide for attaining high energy den- 
sity. 

45 

SUMMARY OF THE INVENTION 

[0013] The object of the present invention is to provide active materials for positive electrode in alkaline storage bat- 
tery which realize markedly high energy density and are excellent in charge and discharge efficiency and life character- 
so istics. 

[0014] According to the present invention, properties of nickel oxides containing at least Mn in the state of solid solu- 
tion or eutectic mixture, namely, average valence of Mn, tap density, peak intensity ratio in X-ray diffraction using CuKa 
ray and others are properly defined for attaining the above object. 

[0015] Furthermore, the present invention realizes a method for manufacturing a nickel oxide having the good prop- 
55 erties as active materials for positive electrode in alkaline storage battery. 

[0016] Remarkable enhancement of energy density, improvement of cycle stability and improvement of high rate dis- 
charge characteristics can be attained by using the above nickel oxide as active materials for positive electrode in alka- 
line storage battery. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

s FIG. 1 is an obfique view of a sealed alkaline storage battery in one example of the present invention, shown partly 

cut away. 

FIG. 2(a) is a schematic view of a nickel positive electrode packed with a metal oxide powder in one example of the 
present invention, and FIG. 2(b) is an enlarged view of portion A in FIG. 2(a). 

FIG. 3 is a diagram showing an apparatus used for producing metal oxide in one embodiment of the present inven- 
io tion. 

FIG. 4 is an XRD chart of a metal oxide containing Ni as a main element in one example of the present invention. 
FIG. 5 is a graph which shows change of utilization factor in respect to average valence of Mn of metal oxide in one 
example of the present invention. 

FIG. 6 is a graph which shows change of utilization factor in respect to half width of a peak at around 26=37-40° of 
15 X-ray diffraction using CuKa ray of a metal oxide in one example of the present invention. 

FIG. 7 is a graph which shows change of capacity retention rate with change of ratio (B/A) of integrated intensity B 

of the peak positioned at around 20=18-21° to integrated intensity A of the peak positioned at around 29=37-40° of 

X-ray diffraction using CuKa ray of a metal oxide in one example of the present invention. 

Fig. 8 is a graph which shows change of discharge capacity rate in respect to the ratio of volume of pores having a 
20 pore radius of 40 A or less to total pore volume of a metal oxide in one example of the present invention. 

FIG. 9 is a graph which shows change of utilization factor and volume energy density in respect to amount of Mn 

contained in the state of solid solution in a metal oxide in one example of the present invention. 

FIG. 1 0 is a graph which shows change of tap density of metal oxide in respect to concentration of dissolved oxygen 

in a reaction vessel in the process of production of the metal oxide. 
25 FIG. 1 1 is a graph which shows change of average valence of Mn in respect to retention time (oxidation time) at 

each temperature (oxidation temperature) in the atmosphere in the process of production according to the present 

invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 

[0018] Embodiment 1 of the present invention is an active material for positive electrodes in alkaline storage batteries 
which is mainly composed of a nickel oxide of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or 
eutectic mixture, characterized in that the average valence of the Mn is 3.3 valences or more, the tap density is 1 .7 g/cc 
or more, and the half width of a peak at around 29=37-40° of X-ray diffraction using CuKa ray is 1 .2 deg or less. As the 

35 different metal dissolved in the nickel oxide in the state of solid solution, Mn is preferred because of its conspicuous 
effect for increasing order of reaction. The average valences of Mn is preferably 3.3 or more, and if it is less than 3.3 
valences, charge and discharge efficiency in initial cycle is considerably deteriorated due to reduction of electronic con- 
ductivity or decrease of y-phase production efficiency. The tap density is preferably 1 .7 g/cc or more, and if it is less than 
1 .7 g/cc, filling density in electrode decreases and attainment of high energy density is difficult It is especially preferred 

40 that the half width of a peak at around 29=37-40° of X-ray diffraction using CuKa ray is 1 .2 deg or less. That is, in the 
case of the half width being small and crystaliinity being high, a remarkable improvement of the charge and discharge 
efficiency can be attained. 

[001 9] The nickel oxide usually means a nickel hydroxide. 

[0020] Embodiment 2 of the present invention is an active material for positive electrodes in alkaline storage batteries 
45 which is mainly composed of a nickel oxide of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or 
eutectic mixture, characterized in that the average valence of the Mn is 3.3 valences or more, the tap density is 1 .7 g/cc 
or more, and the ratio (B/A) of integrated intensity B of a peak at around 29=18-21° to integrated intensity A of a peak 
at around 29=37-40° of X-ray diffraction using CuKa ray is 1 .25 or less. 

[0021] If the ratio B/A of peak intensity is 1 .25 or less, discharge efficiency of y phase at the end of cycle is markedly 

so improved and cycle stability is improved, though the reason therefor is not clear. 

[0022] Embodiment 3 of the present invention is an active material for positive electrodes in alkaline storage batteries 
which is mainly composed of a nickel oxide of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or 
eutectic mixture, characterized in that the average valence of the Mn is 3.3 valences or more, the tap density is 1 .7 g/cc 
or more, and the volume of pores having a pore radius of 40 A or less is 60% or more of the total pore volume. The 

55 presence of a number of pores (grain boundary between crystals) of 40 A or less makes it possible to relax the stress 
caused by expansion and shrinkage of crystal structure. Furthermore, these pores have a great influence on specific 
surface area, and charge and discharge efficiency at high rate charge and discharge can be considerably improved. 
Moreover, an excellent effect can be obtained when the proportion is 60% or more of the total pore volume. 
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[0023] Embodiment 4 of the present invention is an active material for positive electrodes in alkaline storage batteries 
which is mainly composed of a nickel oxide of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or 
eutectic mixture, characterized in that the average valence of the Mn is 3.3 valences or more, the tap density is 1 .7 g/cc 
or more, and the half width of a peak at around 20=37-40° of X-ray diffraction using CuKa ray is 1 .2 deg or less, the 

5 ratio (B/A) of integrated intensity B of a peak at around 26=1 8-21 ° to integrated intensity A of a peak at around 28=37- 
40° is 1 .25 or less, and the volume of pores having a pore radius of 40 A or less is 60% or more of the total pore volume. 
The active material of this embodiment is high in density, and charge and discharge efficiency with oxides of high 
valence is improved, and, thus, a high energy density can be obtained. In addition, improvement of cycle stability and 
improvement of high rate discharge characteristics can also be attained as mentioned above. 

10 [0024] Embodiment 5 of the present invention is characterized in that the content of Mn contained in the state of solid 
solution or eutectic mixture in the nickel oxide according to the present invention is 1 -1 2 mol% based on the total metal- 
lic elements. If the content is less than 1 mol% l the effect is small, and if it is more than 12 mol%, distortion is apt to 
occur in crystal owing to difference in ionic radius of Ni and Mn, and growth at high density becomes difficult. Therefore, 
the Mn content is preferably 1-12 mol%. 

is [0025] Embodiment 6 of the present invention is characterized in that the nickel oxide according to the present inven- 
tion is a powder having spherical shape or a shape similar to the spherical shape. Thus, packing density into electrode 
can be improved. 

[0026] Embodiment 7 of the present invention is characterized in that the nickel oxide comprising Ni as a main metallic 
element according to the present invention contains at least Al in addition to Ni and Mn. According to the embodiment 
20 1 , reaction of higher order of the nickel oxide containing Mn in the state of solid solution proceeds and high density 
packing becomes possible, and, hence, improvement of energy density can be attained. However, there is still a prob- 
lem that voltage at discharging is somewhat low. By containing Al in the oxide in the state of solid solution, the discharge 
voltage can be improved. 

[0027] Embodiment 8 of the present invention is characterized in that the nickel oxide comprising Ni as a main metallic 

25 element according to the present invention contains, in addition to Ni and Mn, at least one element selected from Ca, 
Mg, Ti, Zn, Sr t Ba, Y, Cd, Co, Cr, rare earth metals and Bi. These metallic elements contained in the state of solid solu- 
tion have the effects to increase oxygen evolution overvoltage and improve charge efficiency. 
[0028] Embodiment 9 of the present invention is characterized in that mainly the surface of powders of the nickel oxide 
comprising Ni as a main metallic element according to the present invention is covered with a surface layer of a metal 

30 oxide or metal having electrical conductivity. According to this embodiment, distribution of a conductive material such 
as metal oxide or metal becomes more uniform to improve electrical conductivity, and, as a result, it becomes possible 
to reduce the amount of conductive material. Furthermore, high rate discharge characteristics can be improved due to 
the improvement of electrical conductivity. Moreover, since the conductive material is uniformly distributed, stability in 
an aqueous solution is improved and storage characteristics after discharg can be markedly improved. 

35 [0029] Embodiment 1 0 of the present invention is a method for manufacturing an active material for positive electrode 
in alkaline storage batteries which is mainly composed of a nickel oxide of p-Ni(OH) 2 type containing at least Mn in the 
state of solid solution or eutectic mixture, with an average valence of the Mn of 3.3 valences or more and a tap density 
of 1 .7 g/cc or more, characterized by continuously reacting an aqueous alkaline solution with an aqueous solution of a 
metal salt containing a Ni salt as a main component and at least an Mn salt, in the state of keeping dissolved oxygen 

40 concentration at 5 mg/l or lower in the aqueous solution in a reaction vessel, thereby growing a nickel oxide and then 
oxidizing the nickel oxide. If the amount of the dissolved oxygen is more than 5 mg/l, oxidation reaction of Mn proceeds 
in the process of growing of a metal oxide, and due to much decrease in ionic radius of Mn, distortions such as stacking 
irregularity occur in the crystal lattice, and high density growth becomes difficult. By keeping the dissolved oxygen con- 
centration in the reaction vessel at 5 mg/l or lower, oxidation reaction of Mn can be inhibited and high density growth 

45 becomes possible. Moreover, by continuously reacting an aqueous solution mainly composed of an Ni salt and contain- 
ing at least an Mn salt with an aqueous alkaline solution, an oxide in which at least an Mn salt is dissolved to form a 
solid solution can be grown at a high density. Furthermore, by oxidizing the grown metal oxide powders after they are 
taken out, the average valence of Mn can be increased to 3.3 or more, and thus an active material having a high density 
and a high charge and discharge efficiency can be obtained. 

so [0030] Embodiment 1 1 of the present invention is characterized in that an inert gas and/or a reducing agent are con- 
tinuously fed to the above-mentioned reaction vessel in the embodiment 10, whereby the dissolved oxygen concentra- 
tion in the reaction vessel can be decreased and a high density metal oxide powder can be stably taken out. 
[0031 ] Embodiment 1 2 is characterized in that the inert gas in the embodiment 11 is at least one selected from nitro- 
gen, helium and argon. By using these inert gases, the dissolved oxygen concentration in the reaction vessel can be 

55 relatively easily reduced, and a high density metal oxide powder can be stably taken out. 

[0032] Embodiment 1 3 of the present invention is characterized in that hydrazine is used as the reducing agent in the 
embodiment 1 1 , whereby oxidation reaction of Mn can be inhibited and a high density metal oxide powder can be easily 
taken out. 
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[0033] Embodiment 14 of the present invention is characterized in that an aqueous sodium hydroxide solution or an 
aqueous sodium hydroxide solution containing ammonium ion is used as the above-mentioned aqueous alkaline solu- 
tion. By continuously reacting this aqueous solution with the aqueous solution mainly composed of an Ni salt and con- 
taining at least an Mn salt, the oxide particles can be grown at high density. 

s [0034] Embodiment 15 of the present invention proposes that the oxidation in the manufacturing method of the 
present invention is carried out by keeping the nickel oxide in the atmosphere, whereby the average valence of Mn in 
the metal oxide can be easily increased to 3.3 or more. 

[0035] Embodiment 16 of the present invention is characterized in that the nickel oxide is kept in the atmosphere for 
at least 1 hour at 20-1 1 0°C in the embodiment 1 5. If the temperature is lower than 20°C, oxidation reaction of Mn does 
10 not proceed sufficiently and the average valence is hard to be increased to 3.3 or more. If the temperature is higher than 
1 1 0°C, a decomposition reaction of the oxide proceeds to cause deterioration of charge and discharge efficiency. As for 
the oxidation time, if this is shorter than 1 hour, it is difficult to perform the oxidation up to the inside portion of the metal 
oxide particles. 

[0036] Embodiment 1 7 of the present invention proposes to carry out the oxidation with oxygen or an oxidizing agent, 
is whereby the average valence of Mn in the metal oxide can be increased to 3.3 or more in a short time. 

[0037] Embodiment 18 of the present invention is characterized in that at least one oxidizing agent selected from 
hydrogen peroxide and a perchlorate salt is used in the embodiment 17, whereby the average valence of Mn in the 
metal oxide can be increased to 3.3 or more. 

[0038] Embodiment 1 9 is that pH value in the reaction vessel is 1 1 -12.5. If pH is less than 11 , it is difficult to dissolve 
20 Mn in the slate of uniform solid solution. If pH is more than 12.5, agglomerates of fine particles are formed and growth 
at high density becomes difficult. Furthermore, when pH is 12.5 or less, the half width of a peak at around 28=37-40° 
of X-ray diffraction using CuKa ray can be 1.2 deg or less. Therefore, the pH value is suitably 1 1 -12.5. 
[0039] Embodiment 20 is that temperature in the reaction vessel is 20-60°C. If the temperature is lower than 20°C, 
scales are apt to deposit on the wall of the reaction vessel, and if it is higher than 60°C, agglomerates of fine particles 
25 are apt to be formed, and in either case, growth at high density becomes difficult. Moreover, at 60°C or lower, the ratio 
(B/A) of integrated intensity B of a peak at around 2e=1 8-21 0 to integrated intensity A of a peak at around 20=37-40° of 
X-ray diffraction using CuKa ray can be 1 .25 or less, whereby cycle life can be improved. Thus, the temperature in the 
reaction vessel is suitably 20-60°C. 

[0040] Embodiment 21 is that the aqueous solution of metal salt in the manufacturing method of the present invention 
30 is fed so that a feed rate of total metal ions contained in the aqueous solution of metal salt is 2 x 10' 4 - 2 x 10" 2 mol/min. 
If the feed rate is higher than 2 x 10' 2 mol/min, growth at high density is hand to be attained, and if it is lower than 2 x 
1 0' 4 mol/min, there are no fine pores on the surface of particles and surface area is considerably reduced. By the feed- 
ing at 2 x 1 0" 4 mol/min or higher, a volume of pores having a pore radius of 40 A or less can be 60% or more of the total 
pore volume, and charge and discharge efficiency at high rate charge and discharge can be markedly improved. There- 
35 fore, it is preferred to feed the aqueous solution of metal salt so that the feed rate of the total metal ions is 2 x 10' 4 -2 x 
10" 2 mol/min. 

[0041 ] A sub-combination of the above described features may also be the embodiments of the present invention. 
[0042] Preferred embodiments will be explained referring to FIG. 1 to FIG. 4. 

40 Preferred embodiment 1 

[0043] FIG. 1 illustrates a sealed cylindrical nickel-metal hydride storage battery which uses an active material for pos- 
itive electrode according to one example of the present invention. In FIG. 1 , plate group 10 comprises negative plate 1 1 
and positive plate 12 and separator 13 interposed between the negative plate and the positive plate which are rolled 

45 into a spiral. The negative electrode 11 comprises a hydrogen-storing alloy MmNi 3 5sCo 0 75 Mn 0 4 AI 0 3 as an active 
material. The positive electrode 12 comprises a nickel oxide as an active material. The electrolyte comprises an aque- 
ous alkaline solution comprising hydroxides of K + , Na + and Li + and having a high concentration of 10 mol/i in total. The 
separator 13 is made of a sulfonated polypropylene and separates the negative pfate 1 1 and the positive plate 12 from 
each other. The plate group 1 0 is inserted in a nickel plated steel battery case 1 4 and holds the electrolyte. The opening 

so of the case 14 is sealed by a gasket 17 and a sealing board 16 fitted with safety valve 18 below cap 19 which also 
serves as a positive terminal. An insulating sheet 1 5 is provided between the plate group 1 0 and the bottom of the case 
14. The positive plate 12 is connected to the sealing board 16 through a nickel leading piece 20. In case oxygen gas or 
hydrogen gas is generated in the battery, the safety valve 18 releases the gas out of the battery to prevent rupture of 
the battery. The valve working pressure is about 15-20 kgf/cm 2 . A leading piece for the negative electrode plate which 

55 is not shown is connected to the case 14. 

[0044] In this example, the negative electrode is constructed of an MmNi-based AB 5 hydrogen-storing alloy, but the 
present invention can be similarly practiced in the case of using negative electrodes of other AB 5 hydrogen-storing 
alloys such as LaNi 5 , AB 2 hydrogen-storing alloys such as Zr-Ti-Mn-Ni type, A 2 B hydrogen-storing alloys such as Mg- 
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Ni type, cadmium negative electrodes, and zinc negative electrodes. Furthermore, a sealed cylindrical battery is 
employed above, but the present invention can be similarly applied to sealed rectangular batteries, electric vehicle bat- 
teries and sealed large-sized stationary batteries. 

[0045] FIGS. 2(a) and 2(b) schematically show an electrode comprising a foamed nickel substrate and an active mate- 
5 rial mixture filled in the substrate as an example of the positive electrode according to the present invention. The sub- 
strate 1 comprises a foamed nickel. Active material powder 3 is filled in pore portion 2 of the substrate. The active 
material powder 3 comprises nickel oxide particles in which Mn having an average valence of 3.3 or more is dissolved 
in the state of solid solution at an atomic ratio of Ni:Mn=9:1 . Electrically conductive metal oxide layer 4 comprises a Co 
oxide having a high conductivity and is present on the surface of active material particles and/or between active material 
10 particles or between the active material and the substrate, whereby it has an action to compensate the conductivity 
between active material particles and between the active material and the substrate. Void portion 5 is present partially 
between active material particles and between the active material and the substrate. 

[0046] In the above explanation, the substrate used comprises foamed nickel, but the present invention can be simi- 
larly practiced using three-dimensional metallic porous bodies such as nickel felt or planar metallic porous bodies such 

is as punched metal. Moreover, as active material powder, there may also be similarly used oxides of a plurality of metallic 
elements which comprises Ni as a main metallic element and in which at least one element selected from Al, Ca, Ti, 
Zn, Sr, Ba, Y t Cd, Co, Cr, rare earth metals and Bi in addition to Ni and Mn are dissolved to form a solid solution. 
[0047] FIG. 3 shows one example of the reaction apparatus used for carrying out the manufacturing method of the 
active material for positive electrode of the present invention. Into reaction vessel 21 are introduced a feed line 22 for 

20 aqueous solution of metal salts comprising nickel salt and manganese salt, a feed line 23 for ammonium ion and a feed 
line 24 for aqueous NaOH solution, and the feed line 24 for aqueous NaOH solution is provided with a pH-stat 25 to 
adjust feed amount of the aqueous NaOH solution. 

[0048] The feed line 22 for aqueous solution of metal salt may be a line for feeding an aqueous solution of metal salts 
of at least one metal selected from Al and/or Ca, Ti, Zn, Sr, Ba, Y, Cd, Co, Cr, rare earth metals and Bi in addition to Ni 
25 and Mn. 

[0049] The reaction vessel 21 is provided with a thermostatic chamber 26, which keeps the temperature in the reac- 
tion vessel 21 at constant. Line 27 for taking out a solution containing grown metal oxide particles is provided at the top 
of the reaction vessel, whereby the solution can be overflowed and continuously taken out. 

[0050] Feed line 28 for inert gas is introduced from the bottom of the reaction vessel, whereby nitrogen can be con- 
30 tinuously fed and the dissolved oxygen can be removed. 

[0051 ] Argon gas or helium gas may be continuously fed through the feed line 28 for inert gas. Furthermore, a reduc- 
ing agent feeding line may be provided in addition to the inert gas feeding line 28 to continuously feed hydrazine and 
others. 

[0052] In the reaction vessel 21 is provided an agitating element 30 connected to agitating device 29 to maintain uni- 
35 formly the various conditions in the reaction vessel 21 . 

[0053] As the reaction apparatus, there may be employed magma type apparatuses having classification function 
other than the above-mentioned agitation type apparatuses. 

[0054] The metal oxide powder grown using the above reaction apparatuses and subjected to oxidation treatment is 
used as the active material for positive electrode in alkaline storage batteries according to the present invention. 
40 [0055] Next, examples in which the conditions of the manufacturing method according to the present invention were 
changed will be explained. 

Example 1 

45 [0056] A mixed aqueous solution containing NiS0 4 and MnS0 4 , an aqueous NaOH solution and an aqueous NH 3 
solution were prepared, and these solutions were continuously fed at aflow rate of 0.5 ml/min, respectively, to a reaction 
apparatus of the same construction as shown in FIG. 3 which was kept at 50°C. Simultaneously, Ar gas was continu- 
ously fed at a flow rate of 800 ml/min to keep the dissolved oxygen concentration in the apparatus at 0.05 mg/l. Con- 
centrations of the above aqueous solutions were as follows: Concentration of NiS0 4 was 2.2 mols/l, that of MnS0 4 was 

so 0.2 mol/I, that of NH 3 was 5 mols/l, and that of NaOH was varied within the range of 4.2-7 mols/l. The pH value varied 
in the range of 1 1-13 depending on variation of concentration of NaOH. Feed rate of Ni and Mn ions in this case was 
calculated to be 1 .2 x 10' 3 mol/min from the concentrations of the aqueous solution and feeding flow rate of the aque- 
ous solution. 

[0057] Subsequently, when pH in the reaction apparatus became constant and balance between concentration of 
55 metal salts and that of oxide particles became constant to reach steady state, a suspension obtained by overflowing 
was collected and subjected to decantation to separate the precipitate. This precipitate was washed with water and then 
the metal oxide powders in the state of being moisturized with water were kept in the air, thereby subjecting the powders 
to drying and, simultaneously, oxidation treatment. The oxidation condition was to keep the powders at 20-1 30°C for 20 
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minutes to 24 hours in the air. As a result, powders having an average particle size of 1 0 were obtained. 

[0058] Compositional analysis of the powders showed that amounts of Mn contained in the resulting metal oxides in 
the state of solid solution were all about 8 mol%. It was confirmed by XRD pattern of the metal oxides that they were all 
of p-Ni(OH) 2 type single phase. FIG. 4 shows a typical XRD pattern. Furthermore, tap density was measured to obtain 
5 1 .7 g/cc or more and it was confirmed that they were materials suitable for attaining high energy density (materials 
superior in filling properties in electrode substrate). 

[0059] Furthermore, total valence of all metals was obtained by iodometry and average valence of Mn was calculated 
from the total valence. The average valence varied in the range of 2.8-3.7 valences depending on oxidation temperature 
and time. That is, when the oxide was kept at 20°C for 20 minutes, it was 2.8 valences and when the oxide was kept at 
10 1 30°C for 24 hours, it was 3.7 valences. Moreover, since there was recognized a correlation between average valence 
of Mn or content of Mn and lattice constant (Vegard's rule), it was confirmed that Mn was substituted for a part of Ni to 
form a solid solution. 

[0060] X-ray diffraction patterns using CuKa ray showed that the half width of the peak at around 20=37-40° differed 
depending on the difference in pH in the reaction apparatus and was 0.85-1 .34 deg. That is, there is the tendency that 
15 the half width increases with increase of pH, and when pH was 1 1 , the half width was 0.85 deg and when pH was 13, 
the half width was 1 .34 deg. 

[0061 ] To 1 00 g of the metal oxide powders obtained in this way under various production conditions were added 1 0 
g of Co(OH) 2 powders and 40 g of water, followed by kneading them to obtain a paste. This paste was filled in a foamed 
nickel substrate of 95% in porosity, dried and subjected to pressure molding to obtain a nickel positive plate. The result- 
20 ing positive plate was cut and an electrode lead was spot welded thereto to obtain a nickel electrode of 1200 mAh in 
theoretical capacity. The capacity density of the nickel electrode shown here was calculated on the assumption that Ni 
in the active material undergoes one-electron reaction. 

[0062] A known negative electrode for alkaline storage batteries was used as the negative electrode. In this example, 
a negative electrode comprising a hydrogen-storing alloy MmNi3 55Coo.75Mno.4AJo 3 was used. The hydrogen-storing 

25 alloy having the desired composition was obtained by melting a mixture of Mm, Ni, Co, Mn and Al at a desired ratio in 
an arc smelting furnace. This alloy ingot was mechanically ground in an inert atmosphere to make powders of 30 11m in 
particle size. Water and carboxymethylceliulose as a binder were added to the powders, followed by kneading them to 
prepare a paste. This paste was filled in electrode substrate under pressure to obtain a hydrogen-storing alloy negative 
electrode plate. This negative electrode plate was cut to make a negative electrode of 1920 mAh in capacity. 

30 [0063] A spiral electrode group was made of the above positive electrode and negative electrode and a separator 
comprising a sulfonated polypropylene nonwoven fabric of 0.15 mm thick interposed between the negative and positive 
electrodes. This electrode group was put in a battery case and 2.2 ml of an aqueous KOH solution of 1 0 mol/l in con- 
centration was poured into the case. Then, the opening of the case was sealed by a sealing board having a safety valve 
of about 20 kgf/cm 2 in working pressure to make a sealed cylindrical nickel-hydrogen storage battery of AA size. 

35 [0064] First, the sealed cylindrical batteries were made using the above-mentioned samples differing in average 
valence of Mn as active materials, and battery characteristics were evaluated. The batteries were repeatedly subjected 
to a charge and discharge cycle which comprised charging at a current of 120 mA at 20°C for 18 hours and discharging 
at a current of 240 mA until the battery voltage reached 1 .0 V. When discharge capacity was stabilized, a utilization fac- 
tor of the active materials was obtained from the measured discharge capacity. The utilization factor was calculated 

40 from the ratio of the measured discharge capacity to the theoretical capacity when Ni in the active materials underwent 
one-electron reaction. 

[0065] FIG. 5 shows the results of these experiments and is a characteristic curve showing the relation between the 
average valence of Mn and the utilization factor. It can be seen from this curve that when the average valence of Mn is 
lower than 3.3 valences, the utilization factor tends to increase with increase of the valence of Mn, and nearly no 
45 increase of the utilization factor is seen when the valence of Mn exceeds 3.3. Therefore, the average valence of Mn is 
suitably 3.3 or more. 

[0066] Next, the sealed cylindrical batteries were made using the samples differing in the half width of the peak at 
around 28=38.5° of the X-ray diffraction pattern using CuKa ray as active materials. Battery characteristics of these bat- 
teries were evaluated. The utilization factor was obtained in the same manner as above. 
50 [00671 FIG. 6 shows the results of these experiments and is a characteristic curve showing the relation between the 
half width and the utilization factor. It can be seen from the graph that when the half width is greater than 1 .2, the utili- 
zation factor tends to decrease with increase of the half width and a high utilization factor is shown when the half width 
is 1.2 or less. Therefore, the half width of the peak at around 29=38.5° of the X-ray diffraction pattern using CuKa ray 
is preferably 1.2 or less. 

55 

Example 2 

[0068] Nickel oxide was prepared in the same manner as in Example 1, except that concentration of the aqueous 
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NaOH solution was changed to 5.5 moi/i, pH was controlled to be constant at about 12.0, and temperature in the reac- 
tion apparatus was changed within the range of 20-80°C. Furthermore, the oxidation condition was to keep at 80°C for 
24 hours in the air. Metal oxide powders were obtained in the same manner as in Example 1 except for the above 
changes in conditions. 

5 [0069] The resulting metal oxide powders were all spherical powders of 10 ^m in average particle size and had a tap 
density of 1.7 g/cc or more. Furthermore, the metal oxides all comprised p-Ni(OH) 2 type single phase, and amount of 
Mn dissolved in the form of solid solution was about 8 mol%. Moreover, average valence of Mn was calculated in the 
same manner as in Example 1 to obtain 3.6 valences for all of the oxides. X-ray diffraction pattern using CuKa ray 
showed that the ratio B/A of integrated intensity B of a peak at around 20=18-21° to integrated intensity A of a peak at 

10 around 28=37-40° differed depending on the difference of the temperature in the reaction apparatus and varied in the 
range of B/A=1 .1-1 .3. That is, B/A tends to increase with increase of the temperature in the reaction vessel, and was 
1.1 at20°C and 1.3at80°C. 

[0070] The sealed cylindrical batteries were made in the same manner as in Example 1 except for using as an active 
material the above-mentioned samples differing in the ratio B/A of integrated intensity of peaks in the X-ray diffraction 

is pattern using CuKa ray, and the battery characteristics were evaluated. The evaluation was conducted first by subject- 
ing the batteries to 10 charge and discharge cycles, one cycle of which comprised charging at a current of 120 mA for 
1 8 hours and discharging at a current of 240 mA to a battery voltage of 1 .0 in at 20°C and, then, after discharge capacity 
was stabilized, subjecting the batteries to repeated charge and discharge cycles, one cycle of which comprised charg- 
ing at a current of 0,6 A for 3 hours and discharging at a current of 0.6 A to a battery voltage of 0.8 V at 45°C. Ratio of 

20 U(300th)/U(1st) of the utilization factor at the first cycle U (1st) and that at 300th cycle U (300th) in the above charge 
and discharge cycle at 45°C (hereinafter referred to as "capacity retention rate") was obtained, whereby cycle stability 
(life characteristics) was evaluated. 

[0071] FIG. 7 is a graph showing the results of the experiments and is a characteristic curve showing the relation 
between the integrated intensity ratio B/A and the capacity retention rate U(300th)/U(1 st). It can be seen from this graph 
25 that a high capacity retention rate is obtained at an integrated intensity ratio B/A of 1 .25 or less. Therefore, in order to 
enhance the cycle stability, the ratio B/A of integrated intensity B of a peak at around 26=18-21° to integrated intensity 
A of a peak at around 29=37-40° in X-ray diffraction pattern using CuKa ray is preferably 1 .25 or less. 

Example 3 

30 

[0072] In the conditions for the production of metal oxides in Example 1 , concentration of the aqueous NaOH solution 
was changed to 5.5 mol/l, pH was controlled to be constant at about 12.0, and the feed rate of Ni ion and Mn ion was 
changed in the range of 5 x 10" 5 - 2 x 10' 2 mol/min. The oxidation condition was to keep at 80°C for 24 hours in the air. 
Metal oxide powders were obtained in the same manner as in Example 1 except for the above changes in the condi- 
35 tions. 

[0073] The resulting metal oxide powders were all spherical powders of 10 jim in average particle size and had a tap 
density of 1.7 g/cc or more. Furthermore, the metal oxides all comprised p-Ni(OH) 2 type single phase, and amount of 
Mn dissolved in the form of solid solution was about 8 mol%. Moreover, average valence of Mn was calculated in the 
same manner as in Example 1 to obtain 3.6 valences for all the oxides. Furthermore, pore distribution was measured 
40 by nitrogen gas adsorption method to find that the proportion of the volume of pores having a pore radius of 40 A or less 
to the total pore volume (hereinafter referred to as "proportion of pore volume having 40 A or less") varied within the 
range of 40-80% depending on the difference in the feed rate of Ni and Mn ions. 

[0074] That is, the proportion of pore volume having 40 A or less tends to increase with increase in the feed rate, and 
was 40% at 5 x 10" 5 mol/min and 80% at 2 x 1 0" 2 mol/min. 

45 [0075] The sealed cylindrical batteries were made in the same manner as in Example 1 except for using the above- 
mentioned samples differing in the proportion of pore volume having 40 A or less as active materials, and battery char- 
acteristics were evaluated. The evaluation was conducted first by subjecting the batteries to 10 charge and discharge 
cycles, one cycle of which comprised charging at a current of 120 mA for 18 hours and discharging at a current of 240 
mA to a battery voltage of 1 .0 in at 20°C and, then, after discharge capacity was stabilized, subjecting the batteries to 

so charging at a current of 1 20 mA for 1 8 hours and discharging at a current value of 240 mA and 1 .2 A to a battery voltage 
of 0.8 V at 20°C. Ratio of U(1 .2A)/U(240 mAh) of the utilization factor U (1 .2 A) when discharged at 1 .2 mA to the utili- 
zation factor (240 mA) when discharged at 240 mA (hereinafter referred to as "discharge capacity ratio") was obtained, 
whereby high rate discharge characteristics were evaluated. 

[0076] FIG. 8 is a graph showing the results of the experiments and is a characteristic curve showing the relation 
55 between the proportion of pore volume having 40 A or less and the discharge capacity ratio (U(1.2 A)/U(240 mA)). It 
can be seen from this graph that a high discharge capacity ratio is obtained at a proportion of pore volume of 60% or 
higher. Therefore, in order to improve the high rate discharge characteristics, the proportion of pore volume having a 
pore radius of 40 A or less to the total pore volume is preferably 60% or higher. 
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Example 4 

[0077] In the conditions for the preparation of metal oxides in Example 1 , concentration of the aqueous NaOH solution 
was changed to 5.5 mot/I, pH was controlled to be constant at about 12.0, and the oxidation condition was to keep at 
s 80°C for 24 hours in the air. Metal oxide powders were obtained in the same manner as in Example 1 except for the 
above changes in the conditions. 

[0078] The resulting metal oxide powders were all spherical powders of 1 0 pm in average particle size and had a tap 
density of 1 .7 g/cc or more. Furthermore, the metal oxides all comprised p-Ni(OH) 2 type single phase, and amount of 
Mn dissolved in the state of solid solution was about 8 mo1%. Average valence of Mn in the metal oxides was measured 

10 in the same manner as in Example 1 to obtain 3.6 valences. The half width of the peak at around 26=37-40° of the X- 
ray diffraction pattern using CuKa ray was 0.75 deg, and the ratio B/A of integrated intensity B of a peak at around 
26=18-21° to integrated intensity A of a peak at around 26=37-40° in X-ray diffraction pattern using CuKa ray was 1.15. 
Furthermore, pore distribution was measured by nitrogen gas adsorption method to find that the proportion of the vol- 
ume of pores having a pore radius of 40 A or less to the total pore volume was 68%. 

is [0079] Sealed cylindrical nickel-hydrogen storage batteries were made in the same manner as in Example 1 using 
the above samples, and battery characteristics were evaluated. The evaluation was conducted by measuring the utili- 
zation factor, the discharge capacity ratio (U(1 .2 A)/U(240 mA)) and the capacity retention rate (U(300th)/U(1st)) in the 
same manners as in Examples 1 , 2 and 3. For comparison, a sealed cylindrical nickel-hydrogen storage battery was 
made in the same manner as above, except for using conventional nickel oxide powders containing 1% by weight of Co 

20 and 4% by weight of Zn in the state of solid solution as an active material, and battery characteristics were evaluated 
as Comparative Example 1 . 

[0080] Results of the experiments are shown in Table 1 . It can be seen from Table 1 that the metal oxides of the 
present invention showed higher utilization factor than the conventional Ni(OH) 2 , and were nearly the same as the con- 
ventional Ni(OH) 2 in the high rate discharge characteristics and the life characteristics. 

25 

Table 1 



\ Active material for 
N^^positive electrode 

Items of evaluation""" ^_ 


The present 
invention 
(Example 1) 


Conventional active 
material 
(Comparative Example 1) 


Utilization factor 

(U(240mA) ) 


130% 


100% 


Discharge capacity ratio 
(U( 1.2A)/U(240mA) ) 


93% 


94% 


Capacity retention rate 
(U(300th)/U(lst) ) 


90% 


92% 



40 



Example 5 

45 

[0081] Metal oxides were prepared in the same manner as in Example 4, except that a mixed solution changed in 
concentration ratio of NiS0 4 and MnS0 4 was used so that amount of Mn dissolved in the state of solid solution was 0- 
16mol%. 

[0082] The resulting metal oxide powders in which Mn was dissolved in the state of solid solution were all spherical 
so powders of 10 pun in average particle size and had a tap density of 1.7 g/cc or more. Furthermore, they all comprised 
p-Ni(OH) 2 type single phase, and the average valence of Mn was in the range of 3.5-3.6 valences. The half width of the 
peak at around 20=37-40° of the X-ray diffraction pattern using CuKa ray was 0.6-0.9 deg, and the ratio B/A of inte- 
grated intensity B of a peak at around 28=18-21° to integrated intensity A of a peak at around 28=37-40° in X-ray dif- 
fraction pattern using CuKa ray was in the range of 1 .0-1 .2. Furthermore, pore distribution was measured by nitrogen 
55 gas adsorption method to find that the proportion of the volume of pores having a pore radius of 40 A or less to the total 
pore volume was in the range of 65-73%. 

[0083] Sealed cylindrical batteries were made in the same manner as in Example 4 using these metal oxides as active 
materials, and utilization factor was obtained from discharged ampere-hour at 240 mA at 20°C. Furthermore, volume 
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energy density (actual capacity density) of electrode was obtained from the electrode filling density and the utilization 
factor. With regard to the electrode filling density, rolling ratio at the time of making the electrode was adjusted so that 
pore volume ratio (porosity) calculated from volume of the electrode and true specific gravity of the packed active mate- 
rial and additives was 25%. 

5 [0084] FIG. 9 shows the results of these experiments and is a characteristic curve showing the relation between the 
amount of Mn dissolved in the state of solid solution and the utilization factor and the volume energy density of elec- 
trode. It can be seen from FIG. 9 that when the amount of Mn dissolved in the state of solid solution is 1 .0 mol% or more, 
the utilization factor is considerably high. It can also be seen that when the amount of Mn dissolved in the state of solid 
solution is 1 .0 mol% or more, the volume energy density is high and when it is more than 1 2.0 mol%, the volume energy 

w density rather decreases. The volume energy density has also a deep relation with electrode filling density in addition 
to the utilization factor, and, furthermore, the filling density greatly affects the tap density of active material. Therefore, 
when the amount of Mn dissolved in the state of solid solution is large, distortion is apt to occur in the crystal due to 
difference in ion radius of Ni and Mn to result in decrease of tap density and electrode packing density. It is considered 
that this causes decrease of the volume energy density. Thus, amount of Mn dissolved in the state of solid solution is 

is suitably 1 .0- 1 2.0 mol%. 

Example 6 

[0085] A metal oxide mainly composed of Ni and containing Mn and A! was prepared in the same manner as in Exam- 
20 pie 4, except that a mixed solution containing 2.1 mol/l of NiS0 4> 0.2 mol/l of MnS0 4 and 0.1 mol/l of AI 2 (S0 4 ) 3 was 
used as a starting material. 

[0066] The resulting metal oxide was spherical powder of 1 0 urn in average particle size. As a result of compositional 
analysis, amounts of Mn and Al dissolved in the state of solid solution were 8 mol% and 4 mol%, respectively, and it 
comprised p-Ni(OH) 2 type single phase. Total valence of all metals was obtained by iodometry, and the average valence 

25 of Mn was calculated therefrom to obtain 3.6 valences. The half width of the peak at around 28=37-40° of the powder 
X-ray diffraction pattern using CuKa ray was 0.81 deg, and the ratio B/A of integrated intensity B of the peak at around 
20=18-21° to integrated intensity A of the peak at around 26=37-40° in X-ray diffraction pattern using CuKa ray was 
1 .22. Furthermore, pore distribution was measured by nitrogen gas adsorption method to find that the proportion of the 
volume of pores having a pore radius of 40 A or less to the total pore volume was 65%. 

30 [0087] In the same manner as in Example 4, a sealed cylindrical battery was made using the resulting metal oxide as 
an active material, and characteristics of the battery were evaluated. The results are shown together with the results of 
the following Example 7. 

Example 7 

35 

[0088] A metal oxide mainly composed of Ni and containing Mn and Ca was prepared in the same manner as in 
Example 4, except that a mixed solution containing 2.1 mol/l of Ni(N0 3 ) 2 , 0.2 mol/l of Mn(N0 3 ) 2 and 0.1 mol/l of 
Ca(N0 3 ) 2 was used as a starting material. 

[0089] The resulting metal oxide was spherical powder of 10 ^m in average particle size. As a result of compositional 
40 analysis, amounts of Mn and Ca dissolved in the state of solid solution were 8 mol% and 4 mol%, respectively, and it 
comprised p-Ni(OH) 2 type single phase. Total valence of all metals was obtained by iodometry, and the average valence 
of Mn was calculated therefrom to obtain 3.6 valences. The half width of the peak at around 29=37-40° of the powder 
X-ray diffraction pattern using CuKa ray was 0.73 deg, and the ratio B/A of integrated intensity B of the peak at around 
20=18-21° to integrated intensity A of the peak at around 28=37-40° in the powder X-ray diffraction pattern using CuKa 
45 ray was 1.17. Furthermore, pore distribution was measured by nitrogen gas adsorption method to find that the propor- 
tion of the volume of pores having a pore radius of 40 A or less to the total pore volume was 71%. 
[0090] In the same manner as in Example 4, a sealed cylindrical battery was made using the resutting metal oxide as 
an active material, and characteristics of the battery were evaluated. 

[0091] Furthermore, for comparison, a nickel oxide was prepared in the same manner as in Example 4, except that 
so 2.4 mol/l of NiS0 4 was used as a starting material. The resulting nickel oxide was spherical powder of 1 0jim in average 
particle size. 

[0092] In the same manner as in Example 4, a sealed cylindrical battery of Comparative Example 2 was made using 
the resulting nickel oxide powder as an active material. 

[0093] In the same manner as in Example 1 , utilization factor of the active materials was obtained using the sealed 
55 cylindrical batteries of Examples 4, 6 and 7 and Comparative Example 2. Furthermore, in discharging of this experi- 
ment, voltage was measured at a depth of discharge corresponding to quantity of electricity which was 1/2 of actual dis- 
charge capacity (DOD=50%). Moreover, in charging of the experiment, the utilization factor of the active material was 
measured in the same manner as above, except that the test temperature was set at 45°C. The results are shown in 



Table 2. 
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Table 2 



Active material 


Utilization factor of active material (%) 


Discharge voltage (V) 
Discharging at 20°C 




Charging at 20°C 


Charging at 45°C 




Example 4 


130 


98 


1.18 


Example 6 


126 


87 


1.24 


Example 7 


120 


100 


1.18 


Comparative Example 2 


100 


86 


1.23 



75 

[0094] As can be seen from Table 2, discharge voltage can be improved by dissolving Al in the state of solid solution, 
and charging efficiency at high temperatures can be improved by dissolving Ca in the state of solid solution. 
[0095] Examples of oxides containing Ca in addition to Ni and Mn are shown hereinabove, but the charge efficiency 
at high temperatures could also be improved using Mg, Ti, Zn, Sr f Ba, Y, Cd P Co, Cr, rare earth metals or Bi other than 
20 Ca. Furthermore, in the oxides containing Al in combination with the elements dissolved in the state of solid solution, a 
synergistic effect of improvement of discharge voltage and that of charge efficiency was recognized. 

Example 8 

25 [0096] In accordance with the process of preparation of metal oxide in Example 4, metal oxide powders covered with 
a surface layer of a Co oxide were prepared by introducing in water the metal oxide powders after subjected to oxidation 
and adding thereto dropwise 20% by weight of aqueous cobalt sulfate solution and 25% by weight of aqueous sodium 
hydroxide solution under stirring. 

[0097] The resulting metal oxide was spherical powder of 10 nm in average particle size. As a result of compositional 
30 analysis, the ratio of the metal oxide in the inner layer of the powder and the Co oxide of the surface layer of the powder 
was 10:1 in % by weight. 

[0098] A sealed cylindrical battery was made using the resulting metal oxide powder in the same manner as in Exam- 
ple 4. 

[0099] In the same manner as in Example 4, utilization factor of the active material was measured using the sealed 
35 cylindrical batteries made in Examples 4 and 8. Furthermore, utilization factor when the current in discharging in this 
experiment was 1200 mA was measured. The results are shown in Table 3. 



Table 3 



Active material 


Utilization factor of active material (%) 




Charging at 240 mA 


Discharging at 1200 mA 


Example 4 


130 


120 


Example 8 


131 


124 



[0100] As is clear from Table 3, it was confirmed that in the case of using metal oxides covered with a surface layer 
of Co oxide, a high utilization factor was also obtained, and there is the effect to improve the utilization factor especially 
at high rate discharging. 

so [0101] The same effect was also obtained in the case of using metal oxides covered with a surface layer of a conduc- 
tive metal oxide or metal other than Co oxide. 

Example 9 

55 [0102] Metal oxide powders were obtained in the same manner as in Example 4, except that the flow rate of Ar gas 
was 0-1200 ml/min and the dissolved oxygen concentration was changed to 0.03-9.00 mg/l. 

[0103] FIG. 10 shows the relation between the dissolved oxygen concentration and the tap density of the resulting 
metal oxide. As can be seen from FIG. 10, the metal oxide has a high tap density at a dissolved oxygen concentration 
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of 5 mg/l or less. Therefore, it is considered that the dissolved oxygen concentration is preferably 5 mg/l or less. 
[0104] In the above example, Ar gas was used, but the dissolved oxygen concentration could similarly be kept at 5 
mg/l or less when other inert gases such as nitrogen and helium were used, and metal oxides having the similar char- 
acteristics could be obtained. Furthermore, even in the case of using them in combination, or using a reducing agent 

s such as hydrazine, the similar results were obtained. 

[0105] For comparison, metal oxide powders were obtained in accordance with the process of Example 9, except that 
the oxidation was inhibited by drying in vacuum after the metal oxide was washed with water. 
[0106] Average valence of Mn in the resulting metal powders was measured to obtain 2.4 valences. The utilization 
factor of the active material was very low, namely, 92%. Therefore, oxidation treatment is necessary to increase the Mn 

w valence. 

Example 10 

[0107] Metal oxide powders were obtained in the same manner as in Example 4, except that the oxidation of metal 
15 oxide powders was carried out by Keeping them at 0-130°C for 20 minutes to 24 hours in the air. 

[0108] FIG. 1 1 shows the relation between the oxidation time at each oxidation temperature and the average valence 
of Mn of the metal oxide. It is considered from FIG. 1 1 that it is suitable to keep the metal oxide at 20°C or higher for at 
least 1 hour for obtaining metal oxides of 3.3 valences or more in average valence of Mn. 

[0109] However, when the oxidation is carried out at higher than 1 10°C, the utilization factor tends to decrease. It is 
20 considered that this is because decomposition reaction of the metal oxide proceeded owing to the oxidation treatment. 
Therefore, it is considered that the oxidation temperature is suitably 20-1 10°C. 

[0110] The oxidation was carried out here by keeping the metal oxide in the air, but the average valence of Mn could 
be similarly made to 3.3 valences or more with using oxygen or oxidizing agents such as hydrogen peroxide, sodium 
perchlorate, potassium perchlorate and the like. 

25 

Example 11 

[01 1 1 ] Metal oxide powders were obtained in the same manner as in Example 4, except that the pH value in the reac- 
tion vessel was changed within the range of 10-13. 
30 [01 1 2] When the metal oxides were subjected to X-ray diffraction using CuKa ray, it was necessary that the pH value 
was 12.5 or lower in order that the half width of the peak at around 26=37-40° was 1 .2 deg or less. Furthermore, when 
the pH value was lower than 11 , it was difficult to grow the metal oxides at high density, and, besides, the tap density 
was lower than 1 .7 g/cc. 

35 Example 12 

[0113] Metal oxide powders were obtained in the same manner as in Example 4, except that the temperature in the 
reaction vessel was changed within the range of 10-80°C. 

[01 1 4] When these metal oxides were subjected to X-ray diffraction using CuKa ray, it was necessary to keep the tem- 
40 perature at 60°C or lower in order that the ratio B/A of integrated intensity B of the peak at around 20=18-21° to inte- 
grated intensity A of the peak at around 20=37-40° was 12.5 or less. When the temperature was lower than 20°C, not 
only the control of temperature became difficult, but also considerable scales were produced. Therefore, growth at high 
density was difficult and the tap density was lower than 1 .7 g/cc. 

45 Example 13 

[01 1 5] Metal oxide powders were obtained in the same manner as in Example 4, except that the feed rate of the total 
metal ions contained in the aqueous solution of metal salts was changed within the range of 5 x 10~ 5 - 5 x 10" 2 mol/min. 
[0116] When the pore distribution was measured by nitrogen gas adsorption method on these metal oxides, it was 
so necessary that the feed rate of the total metal ions was 2 x 10" 4 mol/min or higher in order that the proportion of the 
volume of pores having a pore radius of 40 A or less to the total pore volume was 60% or higher. Furthermore, when 
the feed rate was higher than 2 x 10" 2 mol/min, growth at high density was difficult due to conspicuous reduction of res- 
idence time, and the tap density decreased to lower than 1 .7 g/cc. 

[0117] As explained above, according to the present invention, the utilization factor of active materials for positive 
55 electrode can be enhanced and the energy density can be greatly improved. Furthermore, life characteristics and high 
rate discharge characteristics can be improved. 

[0118] Thus, alkaline storage batteries excellent in energy density are provided. 

[0119] The energy density of active materials for positive electrode comprising an oxide containing Ni as a main 
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metallic element is enhanced, and, moreover, a method for manufacturing them is provided. Said oxide comprises Hi 
as a main metallic element and contains at least Mn in the state of solid solution or eutectic mixture, wherein the aver- 
age valence of Mn is 3.3 valences or more, the tap density is 1 .7 g/cc or more, the half width of a peak at around 26=37- 
40° of X-ray diffraction using CuKa ray is 1 .2 deg or less, the ratio B/A of integrated intensity B of a peak at around 
5 29=18-21° to integrated intensity A of a peak at around 20=37-40° is 1 .25 or less, and the volume of pores having a 
pore radius of 40 A or less is 60% or more of the total pore volume. The oxide is obtained by growing in the state of 
keeping the dissolved oxygen concentration in the aqueous solution in the reaction vessel and then oxidizing the oxide. 

Claims 

10 

1 . An active material for positive electrodes in alkaline storage batteries which is mainly composed of a nickel oxide 
of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or eutectic mixture, characterized in that the 
average valence of Mn is 3.3 valences or more, the tap density is 1.7 g/cc or more and the half width of a peak at 
around 26=37-40° of X-ray diffraction using CuKa ray is 1 .2 deg or less. 

15 

2. An active material for positive electrodes in alkaline storage batteries which is mainly composed of a nickel oxide 
of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or eutectic mixture, characterized in that the 
average valence of Mn is 3.3 valences or more, the tap density is 1 .7 g/cc or more and the ratio B/A of integrated 
intensity B of a peak at around 20=18-21° to integrated intensity A of a peak at around 26=37-40° of X-ray diffrac- 

20 tion using CuKa ray is 1 .25 or less. 

3. An active material for positive electrodes in alkaline storage batteries which is mainly composed of a nickel oxide 
of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or eutectic mixture, characterized in that the 
average valence of Mn is 3.3 valences or more, the tap density is 1 .7 g/cc or more, and the volume of pores having 

25 a pore radius of 40 A or less is 60% or more of the total pore volume. 

4. An active material for positive electrodes in alkaline storage batteries which is mainly composed of a nickel oxide 
of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or eutectic mixture, characterized in that the 
average valence of Mn is 3.3 valences or more, the tap density is 1.7 g/cc or more, the half width of a peak at 

30 around 26=37-40° of X-ray diffraction using CuKa ray is 1 .2 deg or less, the ratio B/A of integrated intensity B of a 
peak at around 26= 18-21° to integrated intensity A of a peak at around 26= 37-40° is 1.25 or less, and the volume 
of pores having a pore radius of 40 A or less is 60% or more of the total pore volume. 

5. An active material according to claim 1 , 2, 3 or 4, wherein the content of Mn contained in the state of solid solution 
35 or eutectic mixture in the nickel oxide is 1 -12 mol% based on the total metallic elements. 

6. An active material according to claim 1 , 2, 3 or 4, wherein the nickel oxide comprises powders having a spherical 
or similar shape. 

40 7. An active material according to claim 1 , 2, 3 or 4, wherein the nickel oxide contains at least Al in addition to Ni and 
Mn. 

8. An active material according to claim 1, 2, 3 or 4, wherein the nickel oxide contains, in addition to Ni and Mn, at 
least one element selected from the group consisting of Ca, Mg, Ti, Zn, Sr, Ba, Y, Cd, Co, Cr, rare earth metals and 

45 Bi. 

9. An active material according to claim 1 , 2, 3 or 4, wherein the nickel oxide powders are covered with a surface layer 
of an electrically conductive metal oxide or metal. 

so 10. A method for manufacturing an active material for positive electrode in alkaline storage batteries which is mainly 
composed of a nickel oxide of p-Ni(OH) 2 type containing at least Mn in the state of solid solution or eutectic mixture, 
with an average valence of the Mn of 3.3 valences or more and a tap density of 1 .7 g/cc or more, characterized by 
continuously reacting an aqueous solution of a metal salt containing an Ni salt as a main component and at least 
an Mn salt with an aqueous alkaline solution in the state of keeping a dissolved oxygen concentration at 5 mg/l or 

55 lower in the aqueous solution in a reaction vessel, thereby growing a nickel oxide and then oxidizing the nicke! 
oxide. 

1 1 . A method according to claim 1 0, wherein an inert gas and/or a reducing agent are continuously fed to the reaction 
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vessel. 

12. A method according to claim 11, wherein the inert gas is at least one gas selected from the group consisting of 
nitrogen, helium and argon. 

5 

1 3. A method according to claim 1 1 , wherein hydrazine is used as the reducing agent. 

14. A method according to claim 10, wherein an aqueous sodium hydroxide solution or an aqueous sodium hydroxide 
solution and an aqueous solution containing ammonium ion is used as the aqueous alkaline solution. 

10 

1 5. A method according to claim 1 0, wherein the oxidation is carried out by keeping the nickel oxide in the atmosphere. 

1 6. A method according to claim 15, wherein the nickel oxide is kept in the atmosphere for at least 1 hour at 20-1 1 0°C. 

15 1 7. A method according to claim 1 0, wherein the oxidation is carried out by reacting the nickel oxide with oxygen or an 
oxidizing agent. 

18. A method according to claim 17, wherein the oxidizing agent is at least one agent selected from the group consist- 
ing of hydrogen peroxide and a perchlorate salt. 

20 

19. A method according to claim 10, wherein the pH value in the reaction vessel is 1 1-12.5. 

20. A method according to claim 10, wherein the temperature in the reaction vessel is 20-60°C. 

25 21 . A method according to claim 1 0, wherein the aqueous solution is fed so that the feed rate of total metal ions con- 
tained in the aqueous solution of nickel salt is 2 x 10~ 4 - 2 x 10' 2 mol/min. 

22. An alkaline storage battery which comprises a nickel positive electrode, a negative electrode, an alkaline electrolyte 
and a separator, wherein an active material of the nickel positive electrode is a material defined in claim 1. 

30 

23. An alkaline storage battery which comprises a nickel positive electrode, a negative electrode, an alkaline electrolyte 
and a separator, wherein an active material of the nickel positive electrode is a material obtained by a process as 
defined in claim 10. 

35 



40 



45 



50 



55 



EP 0 940 865 A2 



FIG. 1 




EP 0 940 865 A2 



FIG.2(a) 



FIG.2(b) 



ENLARGED PORTION A 




1-i 



5 

J 



♦-ft;* 



FIG.3 



25 




23 



i 



7 

22 



28 



1 



24 



i 



ill 



29 



3^ 




27 



EP 0 940 865 A2 



FIG.4 



Kcps 
10.0-r— 




2 6 /deg. 




AVERAGE VALENCE OF Mn 



EP 0 940 865 A2 



FIG.6 



it 

_ 140- 
O 120- 



O 



100- 



80 



i= 60- 



40 



— I 1 T - 

0.5 0.6 0.7 



i 1 1 1— 

1.0 1.1 1.2 1.3 



HALF WIDTH (deg.) 



FIG.7 



100- 



HI 



go 



UJ 

I- 

LU 
DC 



90- 



80 



1.1 



TP 



1.2 



1.3 



INTEGRATED INTENSITY RATIO B/A 



EP 0 940 865 A2 

FIG.8 

ioo- L 




FIG.9 




AMOUNT OF Mn DISSOLVED IN THE 
STATE OF SOUD SOLUTION (mol %) 



EP 0 940 865 A2 



FIG.10 



.o- 



.0 



i 1 1 1 — ■ — * 

0 2.5 5.0 7.5 

DISSOLVED OXYGEN CONCENTRATION (mg/ Z ) 




OXIDATION TIME (hour) 



